During its 30 years of operation, the Fermilab Booster has served only as an injector for the relatively low repetition rate proton accelerator complex. With the construction of an 8 GeV target station for the 5 Hz MiniBooNE neutrino beam and rapid multi-batch injection into the Main Injector for the NuMI experiment, the demand for Booster protons will increase dramatically over the next few years. This implies serious constraints on beam losses in the machine. A collimation system and shielding design based on realistic Monte Carlo simulations are presented. A two-stage beam collimation system with local shielding has been designed. It provides adequate protection of the Booster components and environment by localizing operational losses. This loss control is a key to the entire future Fermilab high energy physics program. There are 24 identical cells in the Booster lattice each with a six-meter long straight section. Nine of the long straight sections are occupied by RF cavities, four by extraction kicker and septum magnets, and one by the injection system. The rest can be used for a beam halo collimation. It was proposed to use straight sections number 6 and 7 for collimation because this region is far from the engineering, support and office buildings.
There are 24 identical cells in the Booster lattice each with a six-meter long straight section. Nine of the long straight sections are occupied by RF cavities, four by extraction kicker and septum magnets, and one by the injection system. The rest can be used for a beam halo collimation. It was proposed to use straight sections number 6 and 7 for collimation because this region is far from the engineering, support and office buildings.
In this study, multi-turn particle tracking in the accelerator and simulation of halo interactions with the collimators are done with the STRUCT [I] code. Full-scale Monte Carlo hadronic and electromagnetic shower simulations in the lattice elements, shielding, tunnel and surrounding soil are done with M A R S 14 [2] code.
The beam power at the top accelerator energy with I5 Hz repetition rate and 5 . 10l2ppp is 0.1 MW. Assuming that 30% of the beam is lost at injection (Ekzn = 0.4 GeV) and 2% at the top accelerator energy = 8 GeV), 1.44 kW and 1.92 kW of beam loss are distributed around the ring with a beam loss rate of 20-90 W/m in the RF cavities. This level is two orders of magnitude higher than can be accepted in the accelerator. The purpose of the beam halo cleaning system is to localize proton losses in a specially shielded short section, thus to reduce irradiation of the rest of the machine to the acceptable levels.
A 2-stage collimation system has been proposed with 0.1 mm thick tungsten horizontal and vertical primary collimators followed by four secondary ones (Fig. 1, Table 1 The mechanical design of the collimators will be similar to those already built and installed in the Tevatron for Collider Run I1 [3] . Those collimators (Fig. 5) consist of 2 pieces of copper welded together in an "L" configuration.
The collimator assembly is bolted inside a stainless steel box. An expected power of 3.5 kW can be removed from a collimator by circulating low conductivity water through cooling channels on the outside of the collimator box. Detailed collimator mechanical design is underway.
Horizontal and vertical primary collimators consisting of 0. isofluxes (E>20 MeV) in the tunnel cross-section about 1.5 m from the entrance to SH 1. One expects that extending the shielding by another 30 or 50 cm would reduce radiation levels as needed. Overall, despite of increased intensity of the Fermilab 8 GeV Booster, beam loss and induced radiation effects can be controlled and reduced to the acceptable levels.
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SHIELDING AND RELATED ISSUES
As shown above, the total losses of 3.5 kW are spread in a 77% to 23% ratio between 6-th and 7-th straight sections. The MARS simulations in copper and inconel collimators for two positions of the beam relative to the collimator surface (Fig. 7) show that the collimators can sustain a continuous irradiation by a 8-GeV beam which is at 2 1 Sa from the collimator beam-side edge.
Dose and particle flux distributions in the hottest spots of the tunnel were calculated using a realistic source of particle loss derived from the STRUCT multi-turn simulations. It was found that the secondary collimators SH1 and SH2 should be embedded into iron shielding about 60 cm thick transversely (starting at 5 cm from the collimator outer surface) and extended about 60 cm downstream. Dose levels around such a shielding are quite acceptable, but it seems that it should be slightly longer. 
